Introduction
Carcharhiniform sharks comprise about 55% of the approximately 350 living shark species. The Carcharhiniformes are currently divided into eight families: The cat sharks (Sciliorhinidae), the finback catsharks (Proscillidae), the false catsharks (Pseudotriakidae), the barbelled houndsharks (Leptocharidae), houndsharks (Triakidae) , the weasel and snaggletoothed sharks (Hemigalidae) , the requiem sharks (Carcharhinidae) and the hammerhead sharks (Sphyrnidae) (Compagno, 1988) . Of these eight families, the requiem sharks and the hammerhead sharks are generally better known due to the large size of several of their constituent species, their occasional implication in shark attacks and their increasing commercial importance to fisheries.
Cawharhinus contains more species than any other genus within the family Carcharhinidae.
It comprises 30 species whose collective ranges spread over tropical, sub-tropical and temperate regions (Garrick, 1982; Bigelow and Schroeder, 1948; Compagno, 1984) . Many species within the genus are phenotypically similar and are often taxonomically confused. The confusion is frequently compounded by extensive intraspecific variation among geographically isolated populations. As a result, a number of synonyms have been used to describe species within the genus. Recent revisions by Garrick (1982 Garrick ( , 1985 , indicate that only 30 (out of more than 100) of these nominal species are valid.
The marked heterogeneity within species and morphological uniftirmity among most species of Cu~&~rhi~~us has allowed intra-generic relationships to be proposed from morphological data for only the most obvious sibling species pairs (Garrick, 1982) , i.e. C. v&-C. dussumni, C. ~PUCU--C. nmboinunsis, C. limhntus-C:. nmh&v-hynchoidps and C. ntnhlyrh?rn~hos-C1 whdk.
The establishment of phylogenetic relationships beyond these pairs had not been rigorously attempted (with the exception of Baranes and Shahrabany-Baranes, 1986 , who used phenetic clustering of morphometric data) mltil Lavery surveyed allozyme variation in 21 carcharhiniform taxa (Lavery, 1992) . The present study represents an effort to investigate the phylogenetic relationships within the genus Cmrharhiwus, and among its closely related taxa using allozyme data derived from 37 (:archarhiniform taxa, 1 1 of which were included in the survey by Lavery (1992) .
Materials and Methods
Sharks were collected in the field and from fish markets between February 1984
and December 1987 from south Australia, the east and Gulf coasts of North America, Belize, the Bahamas, Trinidad, the gulf of Aqaba in the Red Sea, the Localities and samples sizes are given in Appendix 1.
Samples of heart, liver, kidney and skeletal muscle were removed from each shark in the field (approximately 2 grams of each), placed in separate cryotubes and kept in liquid nitrogen until transported to the laboratory where they were stored at -75°C. Approximately half of each tissue sample was homogenized in an equal volume of distilled water and centrifuged at 0°C and 12000 g (10 000 rpm) for 10 minutes. Supernatants were frozen at -75°C until required for electrophoresis.
Supernatant fractions were run in horizontal starch gels made up with 12.5% Connaught Starch and 7% sucrose, by weight. Gels were prepared using one of seven different buffers as outlined by Selander et al. (1971) . More than 35 presumed loci were initially screened, of which 17 showed activity clearly enough to be scored. A list of optimum buffers and tissues used for the 17 presumed loci is presented in Table 1 . The relative mobility of electromorphs was scored either directly from primary gels or from secondary "line up" comparison gels sense Richardson et al. (1986) when electromorphs were seen to have closely similar mobilities.
PHYL~(;ENUK ANAIXIS
Data collected in the present study were subjected to both cladistic character and distance Wagner analysis (Farris, 1972) using Cavalli-Sforza and Edwards (1967) ' 1, Selander et al. (1971); 2, Sicilian0 and Shaw (1976) : 3. Shaw and Prasad (1970); 4, Hal-r-is and Hopkinson (1976) ; 5, Recipes routinely used in the laborator-\ of R. Highton and outlined in H~tlgt~ (1986).
' CJycyl lrurine used as substrate for Dipeptidasr.
chord distance.
Hemigaleus microstoma and Hemigaleus macrostwma were used as the combined outgroup in both analyses. Hemigaleids are regarded as the sister group to the carcharhinids and sphyrnids based on a number of morphological characters (Compagno, 1988: 255-256) .
A cladistic parsimony analysis was carried out using the computer program PAUP, version 3.0k (Swofford, 1990 ) on a Macintosh IIci. Each presumptive locus was treated as a character. Electromorphs within loci were treated as unordered character states. In the few cases where heterozygotes were encountered. the most common electromorph was entered as the character state. As apparent ht*tcrozygosity over all presumed loci was low (less than 20/u), and most samples were represented by five specimens, this method of coding proved satisfactorv ~OI-all but two cases. These were both cases where the taxon was represented by'a single specimen which was heterozygous for the presumed locus under study. In both cases specimens were heterozygous for one unique electromorph and one shared with other taxa. They were thus scored as possessing the shared electromorph.
A heuristic procedure was used to search for most parsimonius trees. The stepwise addition (simple) option of PAUP was used to generate the initial setd tree (seed "A") while the tree bisection reconnection (TBR) option was used to implrment branch swapping. Only tree topologies of minimum length were retained f'ol subsequent branch swapping. Because a large number of taxa were included in the survey and because electrophoretic mobilitv characters were coded withotlt XI\ presupposed transformation sequence (unordered), a large number (37267) of most parsimonious trees (MPTs) were generated.
EVALUATION OF MULTIPLE MOST PARSIMONKWS TREES
The phylogenetic infiation content of the data
The phylogenetic information content of the data set was evaluated using the randomization tests of Archie (1989) . Character state assignments were randomly permuted within each character of the original data matrix to remove phylogenetic information (Archie, 1989) . Fifty different randomized matrices were generated, each one reflecting the character state distribution of the original data. Each matrix was subsequently subjected to the heuristic (TBR) tree searching procedure of PAUP 3.0k. Searches were left to run to exhaustion or were stopped once 10 000 MPTs had been found. The tree length derived from the original data matrix was contrasted with the histogram of tree lengths derived from the 50 randomized matrices (Fig. 2 ) and subjected to a one-sample t-test.
Seed tree bias
The effect of different starting seed trees on the outcome was investigated by contrasting results using stepwise addition (seed "A", set "A") with those obtained from a second seed tree, "B" constructed using random addition (set "B"). This second tree "B" was subjected to TBR branch swapping until 20 000 MPTs had been generated. A majority rule consensus of the 20000 seed "B" trees was constructed and contrasted with the majority rule consensus of the seed "A" trees.
Signal consistency during branch swapping

S&samples
of trees produced by branch swapping were taken to test whether the same "kinds" of trees were produced throughout the course of a heuristic search. Each sub-sample comprised a block of 5000 trees produced sequentially by the branch swapping algorithm (i.e. tree Nos l-5000, 5001-10000, lOOOl-15 000, 15 001-20 000). Majority rule consensus trees were constructed for each block of 5000 trees and compared with one another and with the majority rule consensus tree for all 20 000 trees using partition distances (Penny and Hendy, 1985) . This procedure was carried out separately for trees in set A and for trees in set B.
The consistency of the hierarchical signal among s&samples was also investigated graphically sense Naylor (1992) . Each sub-sample of 5000 trees was subjected to the plot group frequency option of PAUP. This option orders "groups found" (clades) by their frequency of occurrence in a sample of MPTs. The "groups found" in subsamples were re-ordered to coincide with the order found for the entire 20 000 tree set. The frequency of occurrence of "groups found" was plotted for each of the four subsamples and compared. This procedure was carried out separately for both tree sets A and B.
Successive weighting
Successive weighting (Farris, 1969 (Farris, , 1989 Carpenter, 1988 ) was adopted in an attempt to reduce the number of most parsimonious trees produced. Autapomorphic character states (electromorphs) were removed from the data set and recoded as missing values to ensure that the resealed consistency indices used in successive weighting were not artificially inflated (see Farris, 1989) . Characters (presumed loci) were weighted according to the best fits of their resealed consistency indices to the initial 20 000 trees. TBR branch swapping was carried out on the initial seed tree with the new character weights enforced. After 20 000 new trees had been generated, the characters were re-weighted according to their new best fits. This protocol was re-iterated until character weights stabilized, at which point the semi-strict consensus of the resultant set of trees was computed. The procedure was applied to tree sets A and B, separately. The two final sets of successively weighted trees (one from set A, the other from set B) were sub-sampled as outlined above. Hierarchical signal constancy among subsamples within tree sets, and between tree sets, was contrasted with its counterpart in the unweighted analysis.
The topology of the distance Wagner tree was entered into PAUP to determine its length.
Results and Discussion
A total of 201 electromorphs was detected over the 17 presumed loci surveyed. Of these 116 (58%) were found to be unique (autapomorphic) to individual taxa. The electromorphs detected were alphabetically coded in the character state matrix to reflect their relative electrophoretic mobilities and are presented in Appendix 2a. Those most anodal are denoted by "A" while the most cathodal are denoted by "Z". (Because 27 alleles were found at the PEP locus the most cathodal allele was scored using the integer symbol "l".)
The rooted distance Wagner network ( Fig. 1 ) had a cophenetic correlation coefficient of 0.929, an Fvalue of 7.1 (Prager and Wilson, 1976 ) and a length of 92 steps when fitted to the character matrix.
32 767 most parsimonious trees (MPTs) of length 86 steps (computed excluding autapomorphies) and retention index (RI) 0.892 (Farris, 1989) were generated by branch swapping (TBR) on seed tree "A". This number represents a ceiling imposed by computer memory rather than a complete set of MPTs. 20 000 MPTs of length 86 steps and Rl 0.892 were generated by branch swapping on the seed tree "B" at which point TBR branch swapping was deliberately interrupted. Results of the randomization tests indicate that the MPT length of 86 steps is 31.44 standard deviations shorter than the mean MPT length of 159.18 found for the 50 randomized data sets (Fig. 2) , suggesting that the data matrix has a high overall phylogenetic content even though it yields a large number of MPTs.
The majority rule consensus tree (Margush and McMorris, 1981) for set A was resolved into 27 component forks [ Fig. 3(a) ]. The majority rule consensus tree for set B was resolved into (29) component forks [Fig. 4(a) ] which differed in topo logical structure from that of set A.
In the unweighted implementation, majority rule trees for sub-samples within a tree set yielded closely similar topologies to the majority rule tree for all trees in a set. This similarity in "hierarchical signal" throughout the course of branch (Farris, 1972) of 37 species of carcharhiniform sharks. The tree was constructed using Cavalli-Sforra and Edwards (1967) chord distance and was rooted with the two species of Hemigakus as an outgroup.
The tree topology had a length of 92 steps when fitted to the original character state matrix. the data matrix (Archie, 1989) . The original data matrix yields an MPT length of86 steps which is :%I .+I standard deviations shorter than the mean of 159.18 steps found for the permuted data sets, wggcw~ng that the original data matrix has latent hierarchical structure.
swapping on a single starting tree is also reflected in the sub-sample group frequency plots (Fig. 5) . The minor variation among sub-samples within tree sets contrasts with the variation between tree sets A and B in the pair-wise matrix of tree
The partition indices clearly show within tree set distances to be about five times smaller than among tree set distances. This probahh corresponds to different "islands of trees" as put forward by Maddison (1991) .
The topological similarity in majority rule trees among suhsamples within a tree set, suggests that only a portion of the total number of trees resulting f~-orrl ;I heuristic search are required to estimate the majority rule consensus over all tht trees in a tree set. It follows from this that, if one is obliged to use heuristic srarching methods and has to choose between the alternatives of executing incomplett searches on different seed trees or executing one search to conclusion on a singlt seed tree, one is better advised to use the several seeds option.
The topological similarity in majorit): rule trees among sub-samples within ;I tic'<' set also shows that majority rule consensus more accurately reflects the constant\ of the hierarchical signal produced throughout the course of branch swapping on a single seed tree than does the semi-strict consensus.
(The semi-strict consensus becomes less resolved as more "rare" groups art-found during the courst' of' branch swapping; by contrast, the majority rule consensus, being unaffectrd hi rare topologies, reflects the predominant hierarchical signal throughout branc.11 swapping).
Successive weighting resulted in the stabilization of weights after three iterations.
'The final weights for tree set A were identical to those of tree set B (final weights are presented in Appendix 2b). The semi-strict consensus tree had the same topology for both tree sets, suggesting that the successive weighting procedure i\ less sensitive to bias arising from different seed trees. (Further work on other data sets will be required to test the generality of this supposition).
Sub-sampling of the final set of successively weighted trees from both tree stats revealed a different hierarchical signal profile during branch swapping than was observed for the unweighted implementation as described by Naylor (1992) . as seen in the unweighted analysis. However, while the within-tree set distances are comparable to those seen for the unweighted case, the among-tree set distances are roughly half those seen for the unweighted case. Invoking Maddison's (1991) "islands of trees" analogy once again, it would appear (for this data set at any rate) that successive weighting has drawn islands in the "archipelago" closer together without affecting their size. Each subsample comprised 5000 trees (l-5000,5001-10 000, 10 001-15 000,15 001-20 000). Note that the cuxves produced by successive weighting have characteristically extended plateau regions and truncated tails, reflecting, respectively, an increased number of clades found in 100% of the trees and a decreased number of rare clades found among all the trees. Both factors cause the strict consensus tree derived from successively weighted trees to be more resolved.
The semi-strict consensus of the successively weighted analysis was chosen as the most reliable summary of the phylogenetic signal in the data on the grounds that it was: (a) uninfluenced by seed tree bias; and (b) the most resolved tree that was entirely consistent across all s&samples (the majority rule trees varied across subsamples for some of the groupings found).
VARLATION BETWEEN ANALV~ES
While the retention indices for the MPTs generated in the parsimony analysis are high (0.892) and the cophenetic correlation coefficient is high for the distance Wagner tree, the conclusions concerning relationships vary between analyses. The semi-strict consensus tree derived from the successively weighted character analysis is much less resolved than is the distance Wagner tree. This is largely because the semi-strict consensus tree is a particularly stringent summary of the MPTs found. As a result, there are clades found in the distance Wagner tree that appear unresolved in the semi-strict consensus tree, but that are supported by a large percentage of .5) among majority rule trees constructed from s&samples of trees generated by branch swapping on unweighted data sets. Trees a to d are derived from branch swapping on seed tree "A", while trees e to h are derived from branch swapping on seed tree "B". The partition distances show that groups of trees derived by branch swapping on a given seed tree are more similar to one another (triangular outlines) than they are to trees generated from a different seed (rectangular outline). This observation is concordant with Maddison's (1991) finding of islands of trees. , 1985) among majority rule trees constructed from sub-samples of trees generated by branch swapping after asymptotic successive weighting. Trees a to d are derived from branch swapping on seed tree "A ", while trees e to h are derived from branch swapping on seed tree "B". The partition distances show groups of trees derived by branch swapping on a given seed tree to be more similar to one another than to trees generated from a different seed. Note, however, than the partition distances between different tree sets are considerably smaller for the successively weighted case than they are for the unweighted case depicted in Fig. 6(a) (Capetta, 1987) . Teeth from Triaenodon are quite small and to my knowledge have not been reported in the fossil record. Teeth from Negaprion first appear in the Middle Eocene of Nigeria (White, 1955) .
CORRESPONDENCE TO THE STRATIGRAPHK: SEQIJENCE
The
The genus Carcharhinus comprises a large clade that appears to include P. gluuca.
Fossil Ca&arhinus teeth are first recorded from the Middle Eocene of Egypt (Stromer, 1905) . The species most commonly recorded in the fossil record from this period onward is the C. leucaslike C. egertoni (Capetta, 1987) .
RELATIONSHIPSWITHINTHECLADECONTAINING
CARCHARHINUS AND PRIONACE
Relationships within the genus Carcharhinus are only partially resolved. C. UCTP notus is placed as the sister taxon to all other members of the genus. C. isodon branches next, after which there is then a polytomy containing 11 branches. Eight of these 11 branches give rise directly to terminal taxa. Two of the branches give rise to the species pairs (C. breuipinna, C. bruchyurus) and (C. amblyrhynchos, (1.
wheeler-i). One branch gives rise to an internally well-resolved clade containing eight taxa. All eight sharks in this resolved clade are large, growing to more than 2 m total length. All but one of the eight (I? gh,cu) have an interdorsal ridge running longitudinally between the two dorsal fins. Within the clade. C. altimus and C. plumbewc branch off basally as a species pair. The silky shark, C. faltiformis, branches off next, followed by C. perezi, which forms the sister taxon to an apical polytomous clad< containing C. galapagensis, C. obscurus, C. longimanus and P. glauca. Springer (1950 Springer ( , 1951 suggested that Carrharhinus sensu lato might be divided into smooth-backed forms (Carcharhin2c.s sense stricto) and ridge-backed forms. Hr suggested in turn that the ridge-backed forms should be divided into those with pointed first dorsal and pectoral tips (Eulamia) and those with rounded tips
PREVI~LXYPR~POSED INTERRELATIONSHIPS WTHIN CAK~IIMHIN~V
Pterolumniops. This treatment was abandoned as it was considered that both his ridge-backed and smooth-backed groups necessitated the inclusion of specirs too diverse in other characters to be aligned with each other (Garrick, 1982) . Garrick proposed that C. obscures and C. galapagensis might be regarded as the c-entral members of a group which included C. altimus, (I plumhew, C. perezi and (:. longmanus. This group, which he referred to as the obscun~s group, was erected to include large ridge-backed sharks that had, for the most part, broad triangular teeth (C. pmzi excepted).
Garrick ( group tha: also includes P. glauca. Garrick (1982) Gill (1962), Whitley (1934 Whitley ( , 1939 Whitley ( , 1943 and Springer (1950 Springer ( , 1951 . Garrick (1982) suggested that "the prime reason for these taxa failing to become established in usage is that for the most part they were erected on the basis of only one species for 
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